Summary.
In the preoptic, infundibular and posterior recesses of the lamprey, Lampetra japonica cerebrospinal fluid (CSF)-contacting neurons are distributed much more abundantly than in higher vertebrates.
They are classified into three different types on the basis of their granule size or electron density: type 1 containing round dense granules of large size (180-230nm in diameter), type 2 containing variously shaped dense granules of medium size (150-200nm) and type 3 containing variously shaped granules of small size (100-150nm).
The neurons of the third type may be further classified into two subtypes: type 3a possessing dense granules and type 3b showing less dense granules.
The intraventricular process of CSF-contacting neurons contains Golgi cisternae that are forming new secretory granules and well developed granular endoplasmic reticulum with dilated cisternae.
It is suggested that secretory granules might be formed in the intraventricular process in addition to the perikaryon. Besides the small cytoplasmic protrusions presumably involved in microapocrine secretion, intraventricular processes occupied with many empty granules are detected which might represent a process of diacrine secretion. The intraventricular processes further contain multivesicular bodies which incorporate old or overproduced secretory granules, suggesting a process (crinophagy) and large lipid droplets likely corresponding to the final digestive product.
The CSF-contacting neurons of all types are usually supplied with axo-somatic synapses on the perikaryon and subsurface cisternae are sometimes observed beneath the postsynaptic membrane. Axon terminals are also found forming synapses on the intraventricular process of type 2 and 3 neurons.
Occurrence of monoamine-containing subependymal cells that possess an apical process which is in contact with the cerebrospinal fluid (CSF) has been demonstrated in the hypothalamus of the lamprey by fluorescence microscopy (HONMA, 1969; HONMA and HONMA, 1970; BAUMGARTEN, 1972; KONSTANTINOVA, 1973 KONSTANTINOVA (1973) . Using a new filter system for fluorescence microscopy, OCHI and HOSOYA (1974) have also identified two kinds of fluorescent subependymal cells in the hypothalamus and spinal cord of the lamprey, or the blue-green catecholamine-containing cells and the yellow indolalkylamine-containing cells. On the function of the CSF-contacting neurons, three possible functions have been suggested by many authors: they are, secretory (SMOLLER, 1965; TAKEICHI, 1967; PEUTE and MEIJ, 1973; VIGH and VIGH-TEICHMANN, 1973; NAKAI et al., 1977a, b, c; and others) , sensory (SMOLLER, 1965; PEUTE, 1969; VIGH-TEICHMANN et al., 1969; PEUTE and MEIJ, 1973; VIGH and VIGH-TEICHMANN, 1973; NAKAI et al., 1977a, b; and others) or nervous. The purpose of the present study is to classify the CSF-contacting neurons and to investigate their secretory and sensory activities in the ultrastructural level. In addition, the morphological and functional correlation among the different types of CSF-contacting neurons and other neurons will be reported and discussed on the basis of synaptic contacts.
MATERIALS AND METHOD
Thirty adult lampreys, Lampetra japonica, caught during the winter up-stream migration, in the estuaries of the Agano River and the Shinano River (Niigata Prefecture) were used in the study. The lampreys were sacrificed by decapitation. The exposed brain was immediately dropped with cold 2 or 5% glutaraldehyde solution in 0.1M phosphate buffer (pH 7.4) and then removed.
Small blocks containing the walls of the preoptic, infundibular and posterior recesses were fixed in the same glutaraldehyde solution for 2hrs and then postfixed in 1% osmium tetroxide solution buffered with 0.2M phosphate (pH 7.4) for 1hr.
The tissues were embedded in Epon 812 through a graded series of ethanol and propylene oxide. Ultrathin sections were doubly stained with uranyl acetate and lead hydroxide.
The sections were examined with Hitachi HU-12 and HS-9 electron microscopes.
RESULTS
The CSF-contacting neurons in the preoptic, infundibular and posterior recesses could be classified into at least three types based on the size, shape, electron density and internal structures of the secretory granules in the cell body as well as in the intraventricular process. Mitochondria, granular endoplasmic reticulum, free ribosomes and microtubules were usually present in the intraventricular process of all types of the CSF-contacting neurons; Golgi apparatus and lipid droplets were sometimes observed in the intraventricular process besides the perikaryon (Fig. 1, 3 , 7, 13). Microtubules were particularly abundant in the cytoplasm of narrow processes that protruded between adjacent ependymal cells (Fig. 2, 12 , 15). Type 1 cells. This type was characterized by the presence of large and round dense granules ranging from 180 to 230nm in diameter in the perikaryon as well as in the intraventricular process (Fig. 3 ). The cells of this type were abundantly distributed in the preoptic recess, but typical type 1 cells were not detected in the infundibular and posterior recesses.
In the Golgi area of the intraventricular process, newly forming secretory granules were occasionally observed at the extremities of the cisternae of the Golgi lamellae (Fig. 3 ). Many microtubules were often localized in the peripheral region of the intraventricular process ( Fig. 6 ).
Type 2 cells. This type was characterized by the presence of medium sized dense granules (mean diameter 150-200nm) (Fig. 1, 4, 7) . Compared to the granules of the other types of CSF-contacting neurons, the content of the granules of this type generally had the greatest electron density. The granules varied in shape and were round, oval and rod-shaped (Fig. 4, 7) . Large lipid droplets were sometimes observed in the cytoplasm of both perikarya and intraventricular processes ( Fig. 1, 7 ) and extremely dilated cisternae of granular endoplasmic reticulum occupied by fine filamentous substance were observed, though not frequently, in the cytoplasm of the intraventricular processes ( Fig. 8a, b) . Type 2 CSF-contacting neurons were almost evenly distributed throughout the three regions of the preoptic, infundibular and posterior recesses. Type 3 cells. In the type 3 cells which contained small, round or oval granules of about 100-150nm in diameter, two different subtypes could be distinguished. The one which contained intensely electron dense granules was classified as type 3a cells (Fig. 1, 2 , 4, 5) and the other which contained less dense granules was classified as type 3b cells (Fig. 4, 5) . The former was evenly distributed throughout the three regions of the preoptic, infundibular and posterior recesses, but the latter was usually found in the infundibular and posterior recess but not the preoptic recess.
On the surfaces of the intraventricular processes of both type 2 and 3 cells, small round or comparatively irregular cytoplasmic protrusions containing differing numbers of dense granules could be observed at times (Fig. 10) . Intraventricular processes containing a large number of empty granules besides small dense granules Fig. 3. An intraventricular process of a type 1 (1) CSF-contacting neuron in the preoptic recess. Large dense granules, granular endoplasmic reticulum, ribosomes, mitochondria and Golgi apparatus are seen. Newly forming granule (arrow) is seen at the extremity of Golgi cisterna.
Many microvilli occur on the ventricular surface of the ependymal cell with cores of various sizes were often found, and secretory granules were rarely incorporated into the multivesicular body (Fig. 11) . Furthermore, intraventricular processes that were occupied by numerous empty granules of various sizes and a few dense granules were rarely observed (Fig. 12) . Microstructures showing latticework that were surrounded continuously with vesicular or vacuolar structures of intricate shapes were occasionally found in the intraventricular process of type 3 cells (Fig. 9a, b) .
Synapses.
Each type of CSF-contacting neurons was supplied with axo-somatic synapses from other neurons (Fig. 15, 16a) . Also the intraventricular process of type 2 and 3a CSF-contacting neurons was supplied with synaptic contacts, probably axodendritic synapses, from the axonal terminals of other neurons (Fig. 13, 14) . The axonal terminals making axo-somatic and probably axo-dendritic synapses usually demonstrated both numerous small vesicles (about 50-60nm in diameter) and either a few dense or less dense cored vesicles (about 60-100nm in diameter). Two subsurface cisternae were sometimes found beneath the postsynaptic membrane of the cell bodies of CSF-contacting neurons, and one which was nearer to the postsynaptic membrane was usually found enclosing an exceedingly narrow cavity or closing in as an electron dense broad line (Fig. 16a) . Two subsurface cisternae connected with the cisternae of granular endoplasmic reticulum were detected (Fig. 16a, b) . Subsurface cisternae were also observed at times beneath the cell membrane outside of the synaptic area (Fig. 16b) .
DISCUSSION
Although the CSF-contacting neurons of the lamprey have been observed by fluorescence microscopy, to our knowledge, only a single report of electron microscope study by BAUMGARTEN (1972) is available. The report described that in the lamprey, Lampetra fluviatilis, small fluorescent neurons in the nucleus ependymalis hypothalami contain granular vesicles of different shapes and sizes (70-250nm) in the perikarya.
After the application of tryptophanehydroxylase inhibitor p-chloro- Less dense substance (arrows) is seen in the cleft between the intra-phenylanine the two monoamine containing neuron types, type 1 with prominently large and less dense granules and type 2 with markedly osmiophilic granules, could be distinguished. The paper, however, failed to describe whether the serotonin storing neuron was type 1 or type 2.
Three or four different types of CSF-contacting neurons were distinguished throughout the preoptic, infundibular and posterior recesses in the present study using glutaraldehyde and osmium tetroxide as the fixative. Since type 1 cells containing large dense granules were observed only in the preoptic recesses and paraldehyde fuchsin (AF)-positive liquor-contacting neurons were found by TSUNEKI and GORBMAN (1975a) in the region of the so-called preoptic nucleus by Gomori's AF staining, it is suggested that the granules of type 1 cells contain neurosecretory peptide hormones positive to AF. TSUNEKI and GORBMAN (1975b) reported that in the pars nervosa of the lamprey, Lampetra tridentata, the neurohypophysial octapeptide hormones might be contained in two types of electron-dense granules, one with a diameter about 180nm and the other about 120nm, which were found in separate nerve axons. They suggested that at least two kinds of peptidergic neurosecretory materials were present in the pars nervosa of the lamprey and stated that besides the dense granules of type 1 cells, the dense granules of some type 2 and 3 CSFcontacting neurons might possibly contain peptidergic materials.
It has been reported that in the hypothalamus of the lamprey examined by 10 11 means of the fluorescence microscope, the fluorescent CSF-contacting nerve cells were distributed around the posterior recess and in the lateral wall of the infundibular recess (HONMA, 1969; HONMA and HONMA, 1970) , in the ventral part of the third ventricle, immediately superior to the preoptic recess and in the infundibular and posterior recesses (KONSTANTINOVA, 1973) . OCHI and HOSOYA (1974) reported that yellow fluorescent cells containing indolalkylamine (most probably 5-hydroxytryptamine) were less frequently encountered than the blue-green fluorescent cells containing catecholamine in the lateral wall of the third ventricle in the hypothalamus caudal to the optic chiasm. Since type 2 cells appeared to be encountered more frequently than the other types in the lateral wall of the infundibular and posterior recesses in the present study, it is possible that type 2 cells may correspond to the catecholamine-containing cells. But it was not clear from the study whether it was type 2 or 3 of the CSF-contacting neurons that corresponded to the catecholamine or 5-hydroxytryptamine containing cells. The presence of the axo-dendritic synapses on the intraventricular processes of the CSF-contacting neurons have been reported in fishes (VIGH-TEICHMANN et al., 1970a) and in reptiles (VIGH-TEICHMANN et al., 1970b, c) . In the present study, in addition to the axo-dendritic synapses on the intraventricular processes of the CSFcontacting neurons, the intraventricular axo-dendritic or axo-axonic synapses A few dense granules and mitochondria between the intraventricular nerve fibers were detected at times. Although the origin of all the intraventricular nerve fibers forming the intraventricular synapses is not exactly clear and the physiological significance of these synapses is also still obscure, it is possible that axonal terminals may control the secretion of the granular content through both the intraventricular axo-dendritic synapses on the intraventricular processes and the axo-somatic synapses on the perikarya of the CSFcontacting neurons.
The subsurface cisternae have not been observed in the CSF-contacting neurons, but ever since a structure corresponding to the subsurface cisternae was first detected in the outer hair cells of the organ of Corti (ENGSTROM, 1958) and it was first described by ROSENBLUTH (1962a) in the acoustic and vestibular ganglion cells, the presence of subsurface cisternae has been reported by many authors in the nerve cells of a variety of vertebrates and invertebrates (ROSENBLUTH, 1962b) , in the receptor cells of the lateral-line of ranine tadpoles (JANDE, 1966) , in the receptor cells of the saccular macula of goldfish (HAMA, 1969) , and in other cells as well.
The Fig. 13 . Axon terminals make synapse (arrow head) on the ventricular surface of an intraventricular process of type 3 CSF-contacting neuron in the posterior recess. Small dense cored vesicles (arrows), dense bodies, mitochondria, granular endoplasmic reticulum and microtubules are seen in the cytoplasm of a CSF-contacting neuron. E epen-subsurface cisternae associated with the post-synaptic membrane have been observed in the above mentioned receptor cells (JANDE, 1966; HAMA, 1969) and in many neurons.
In the neurons the subsurface cisternae were observed not only beneath the synapses but often in other regions also. On the functional significance of subsur- face cisterna, previous authors have suggested that it may play a major role in the binding of calcium ions, in rapid and wide dissemination of certain substances from their sites of synthesis or uptake (ROSENBLUTH, 1962b) , or in the inhibitory mechanism of receptor cells (HAMA, 1969) . Its function in the CSF-contacting neurons is unknown.
Judging from the findings of many empty granules with dense secretory granules in the surrounding cytoplasm of some intraventricular processes of CSF-contacting neurons and the presence of the apocrine-like small cytoplasmic protrusions containing dense granules on the surface of the intraventricular processes as observed in the present study, the granular content of the CSF-contacting neurons are presumed to be released into the ventricular lumen by either the diacrine or the microapocrine secretory mechanism.
As to the lattice formation in the cytoplasm of the intraventricular processes of CSF-contacting neurons, the transformed granular vesicles and the degranulated lucent vesicles of differing shapes around it as well as the complicated membranous structures that are continuous with it, may suggest that there might be an intimate relationship between the formation of lattice-work and the secretion of granules. On the other hand, dense granules within multivesicular bodies in the intraventricular processes of CSF-contacting neurons may be indicative of a digestive process of old granules by the multivesicular body. These findings have already been defined as "autolysosomes" in conjunction with the digestion of overproduced secretory products in the anterior pituitary gland by SMITH and FARQUHAR (1966) . In the secretory neurons similar findings of undischarged neurosecretory granules that are incorporated into multivesicular bodies have been reported by PALAY (1960) and OSINCHAK (1964) . This autophagic process in the secretory granules has been defined by the term "crinophagy" by DE DUVE (1969) . Large lipid droplets found in the cytoplasm of both intraventricular processes and perikarya may be considered to correspond to the final digestive products of autophagosomes by multivesicular bodies and granular endoplasmic resiculum as postulated by SMITH and FARQUHAR (1966) . Although open vesicles on the cell membrane and coated vesicles in the cytoplasm were very seldom recognized in the intraventricular processes, no exocytotic figures were revealed.
